The development and optimization of an automated flow injection (FI) 
Introduction
Flow injection (FI) is a potentially useful front-end technique for FT-IR in terms of automated sample induction and on-line physical/chemical treatment [1] . Since the earliest reported combination of FI with FT-IR in 1991 [2] [3] [4] there have been a limited number of publications on the subject, principally by de la Guardia and co-workers [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] and Kellner and co-workers [16-] . During monitoring the epoxidation of indene to indene oxide [22] , and the hydrolysis of penicillin V to 6-animopenicillanic acid [23] ; the determination of methanol and methyl tertiary butyl ether in gasolines [24] ; chlorinated hydrocarbons in water [25] , and glucose, maltose and fructose in sugar syrups [26] ; and comparison of PLS with multiple linear regression (MLS) and principal components regression (PCR) for quantifying latex in paper coatings [27] .
There have, however, been very few publications that have combined the sample handling power of FI with the data treatment capabilities of MVC for organic analysis using FT-IR [1, 2] . The combination has excellent potential for the characterization/quantification of organic process streams but does require an integrated and automated system for reliable data acquisition. This paper presents a structured approach to optimizing an automated FI-FT-IR system, with data treatment using MVC techniques. The To assess spectral noise as a function of the number of coadded scans, three replicate spectra of 5% v/v mixture solutions in n-hexane were acquired by co-adding 1, 10, 50 100, 250, 500 and 1000 scans at a resolution of4cm-l. Maximum peak-to-peak noise was determined in the range 2100-2000cm-where there was no absorbance from the analytes, leaving a signal due only to fluctuations in the instrument and flow rate of the carrier stream. As expected, noise and reproducibility (shown as + one standard deviation) decreased with increasing number of co-added scans, as shown in figure 3 . No significant reduction in noise was observed with increasing the number of co-added scans above 10. Fifty coadded scans gave an RSD of 3.2% and this was selected as the optimum condition for discrete spectra.
To study the effect of instrument resolution on spectral noise, three replicate 50 scan spectra of 5:5:5% v/v mixture solutions in n-hexane were acquired at resolutions of 2, 4, 8, 16 
Effect of FI parameters
In FI with spectrophotometric detection of chemically derivatized analytes decreasing the flow rate decreases sample dispersion and increases residence time in the FI manifold, which improves sensitivity for slow reactions.
With FT-IR detection of organic species, however, derivatization is not normally required. In addition, the residence time of the sample in the beam path directly affects the number of sample scans that can be acquired, which in turn affects the signal-to-noise ratio. Flow rate should theretbre be optimized so that the sample is resident in the flow cell long enough to achieve the required signal-to-noise ratio.
Five replicate 20gl injections of a 5% v/v 0-xylene standard were manually injected into an n-hexane carrier stream at flow rates of 0.5, 1.0, 1.5 and 2.0 ml min-. The response was monitored continuously based on measurement of the peak height of the 0-xylene band at 741 cm-. Spectra of eight co-added scans were continuously acquired, and all sample spectra were ratioed against a background spectrum of 100 co-added scans of 100% v/v n-hexane. The reproducibilities (n 5) were in the range 0. v/v n-hexane. A higher degree of repeatability (< 7% error) was attained for standards of concentrations greater than 0.05% v/v with the automated manifold, RRMSECVs of <8%. Derivatization was required to enhance the resolution of the acquired spectra, at the cost of much poorer signal-to-noise ratio, for the prediction of 0-xylene.
